PRL 104, 241601 (2010)

PHYSICAL REVIEW LETTERS

week ending
18 JUNE 2010

Limits on Light-Speed Anisotropies from Compton Scattering of High-Energy Electrons
J.-P. Bocquet,1 D. Moricciani,2 V. Bellini,3 M. Beretta,4 L. Casano,2 A. D’Angelo,5 R. Di Salvo,2 A. Fantini,5 D. Franco,5
G. Gervino,6 F. Ghio,7 G. Giardina,8 B. Girolami,7 A. Giusa,3 V. G. Gurzadyan,9,10 A. Kashin,9 S. Knyazyan,9 A. Lapik,11
R. Lehnert,12,* P. Levi Sandri,4 A. Lleres,1 F. Mammoliti,3 G. Mandaglio,8 M. Manganaro,8 A. Margarian,9 S. Mehrabyan,9
R. Messi,5 V. Nedorezov,11 C. Perrin,1 C. Randieri,3 D. Rebreyend,1,† N. Rudnev,11 G. Russo,3 C. Schaerf,5
M. L. Sperduto,3 M. C. Sutera,3 A. Turinge,11 and V. Vegna5
1

LPSC, UJF Grenoble 1, CNRS/IN2P3, INPG, 53 avenue des Martyrs 38026 Grenoble, France
2
INFN Sezione di Roma TV, 00133 Roma, Italy
3
INFN Sezione di Catania and Università di Catania, 95100 Catania, Italy
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The possibility of anisotropies in the speed of light relative to the limiting speed of electrons is
considered. The absence of sidereal variations in the energy of Compton-edge photons at the European
Synchrotron Radiation Facility’s GRAAL facility constrains such anisotropies representing the first
nonthreshold collision-kinematics study of Lorentz violation. When interpreted within the minimal
standard-model extension, this result yields the two-sided limit of 1:6  1014 at 95% confidence level
oþ ÞZX , cTX , and cTY .
on a combination of the parity-violating photon and electron coefficients ð~
oþ ÞYZ , ð~
This new constraint provides an improvement over previous bounds by 1 order of magnitude.
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Properties of the speed of light c, such as isotropy and
constancy irrespective of the motion of the source, play a
key role in physics. For example, they are instrumental for
both the conceptual foundations as well as the experimental verification of special relativity, and they currently
provide the basis for the definition of length in the
International System of Units. It follows that improved
tests of, e.g., the isotropy of light propagation remain of
fundamental importance in physics.
Experimental searches for anisotropies in c are further
motivated by theoretical studies in the context of quantum
gravity: it has recently been realized that a number of
approaches to Planck-scale physics, such as strings,
spacetime-foam models, noncommutative field theory,
and varying scalars, can accommodate minuscule violations of Lorentz symmetry [1]. At presently attainable
energies, such Lorentz-breaking effects can be described
by the standard-model extension, an effective field theory
that incorporates both the usual standard model and general relativity as limiting cases [2]. To date, the minimal
standard-model extension (MSME), which contains only
relevant and marginal operators, has provided the basis for
numerous tests of special relativity in a wide variety of
physical systems [3,4].
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In this work, we will study photons and electrons in an
environment where gravity is negligible. Lorentz violation
is then described by the single-flavor QED limit of the flatspacetime MSME [2,5]. This limit contains the real,
spacetime-constant MSME coefficients ðkF Þ , ðkAF Þ ,
b , c , d , and H  , which control the extent of different types of Lorentz and CPT violation. Note, however,
that c and k~  ðkF Þ  are observationally indistinguishable in a photon-electron system: suitable coordinate
rescalings freely transform the k~ and c parameters into
one another [5,6]. Physically, this represents the fact that
the speed of light is measured relative to the speed of
electrons. We exploit this freedom by selecting the specific
scaling c ¼ 0 in intermediate calculations. However, we
reinstate this coefficient in the final result for generality.
From a phenomenological perspective, the dominant
MSME coefficient is kF , which causes a direction- and
polarization-dependent speed of light [6]. Various of its
components have been tightly bounded with astrophysical
observations [7], Michelson-Morley tests [4,8], and collider physics [5]. We will bound the 
~0þ piece of k~ ,
which is an antisymmetric 3  3 matrix; it currently obeys
the weakest limits, so all other MSME coefficients can be
set to zero in what follows. A MSME analysis then reveals
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